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aluminum alloy including 0.4 to 3.0 mass % (heremafter,
“%”") of Fe, less than 0.10% of Si1, less than 0.10% of Mg,
and the balance of Al and unavoidable impurities, 1n which
an Al—Fe-based intermetallic compound having a longest
diameter of 2 um or more and less than 3 um 1s dispersed at
a distribution density of 1000 particles/mm> or more, and a

Sep. 28, 2017

(JP)

JP2017-189169

2101 =—

5102 ~—

S1038 —

5104 -—

S105 —

S106 —

S197 —

5108 —

5108 —

5110 —

5111 —

ADJUST ALUMINUM ALLOY COMPONENTS

J

CAST ALUMINUM ALLOY

J
l
l

HOMOGENIZATION TREATMENT

)

HOT ROLLING

!

COLD ROLLING

J

PRODUCE DISK BLANK

l

PRESSURIZATION FLATTENING TREATMENT

l

PRODUCE ALUMINUM ALLOY SUBSTRATE
FOR MAGNETIC DISK

|

ZINCATE TREATMENT

|

Ni—P PLATING TREATMENT

l

DEPOSIT MAGNETIC SUBSTANCE

J

COMPLETE MAGNETIC DISK

(Continued)



US 11,423,937 B2
Page 2

Mg—Si1-based intermetallic compound having a longest
diameter of 1 um or more 1s dispersed at a distribution
density of 1 particle/mm~ or less; a method for producing the
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ALUMINUM ALLOY SUBSTRATE FOR
MAGNETIC DISK, METHOD FOR
PRODUCING THE SAME, AND MAGNETIC
DISK USING ALUMINUM ALLOY
SUBSTRATE FOR MAGNETIC DISK

This 1s a National Phase Application filed under 35 U.S.C.
§ 371, of International Application No. PCT/IP2018/
018817, filed May 15, 2018, the contents of which are
incorporated by reference.

TECHNICAL FIELD

The present disclosure relates to: an aluminum alloy
substrate for a magnetic disk, having a favorable plating
property and a favorable fluttering characteristic; a method
for producing the same; and a magnetic disk using the
aluminum alloy substrate for a magnetic disk.

BACKGROUND ART

Magnetic disks used 1n storage devices for computers are
produced using substrates that have favorable plating prop-
erties and are excellent 1n mechanical characteristics and
workability. For example, such a magnetic disk 1s produced
with: a substrate based on an aluminum alloy according to
JIS 5086 (including 3.5 to 4.5 mass % of Mg, 0.50 mass %
or less of Fe, 0.40 mass % or less of S1, 0.20 to 0.70 mass
% of Mn, 0.05 to 0.25 mass % of Cr, 0.10 mass % or less
of Cu, 0.15 mass % or less of T1, and 0.25 mass % or less
of Zn with the balance of Al and unavoidable impurities);
and the like.

Common magnetic disks are produced by first producing
an annular aluminum alloy substrate, plating the aluminum
alloy substrate, and then depositing a magnetic substance on
a surface of the aluminum alloy substrate.

For example, a magnetic disk made of an aluminum alloy
according to the JIS 5086 alloy 1s produced by the following
production steps. First, an aluminum alloy material allowed
to contain predetermined chemical components 1s cast to
obtain an ingot, and the 1ngot 1s subjected to hot rolling and
then to cold rolling to produce a rolled material having a
thickness required for the magnetic disk. It 1s preferable to
anneal the rolled matenal during the cold rolling and/or the
like as needed. Then, the rolled material 1s stamped to have
an annular shape. In order to eliminate distortion and/or the
like occurring in the production steps, an aluminum alloy
sheet allowed to have an annular shape 1s layered thereon,
and the resultant 1s subjected to pressurization annealing 1n
which the resultant 1s flattened by annealing the resultant
while pressurizing both surfaces 1n both ends of the resul-
tant. Thus, an annular aluminum alloy substrate 1s produced.

The annular aluminum alloy substrate produced 1n such a
manner 1s subjected to cutting work, grinding work, degreas-
ing, etching, and zincate treatment (Zn substitution treat-
ment) as pretreatment and then to electroless plating with
N1—P which 1s a rnigid non-magnetic metal as undercoat
treatment. The plated surface 1s subjected to polishing,
followed by sputtering a magnetic substance on the N1i—P
clectroless-plated surface, to produce the magnetic disk
made of an aluminum alloy.

In recent years, larger-capacity, higher-density, and, in
addition, higher-speed magnetic disks have been demanded
due to the needs of multimedia and the like. The higher
capacity has resulted 1n an increase in the number of
magnetic disks placed 1n a storage device. Thus, thinned
magnetic disks have also been demanded.
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However, thinning and enhanced speed result in an
increase 1n exciting force caused by an increase in tluid force
due to decreased rigidity and high-speed rotation, thereby
causing disk flutter to be more likely to occur. This 1is
because high-speed rotation of magnetic disks causes
unstable airflow to be generated between the disks, and the
airtlow results i vibration (fluttering) of the magnetic disks.
Such a phenomenon 1s considered to occur because the low
rigidity of a substrate results 1n the increased vibration of the
magnetic disks, and a head 1s incapable of following such a
variation. The occurrence of fluttering results 1n an increase
in the positioning error of a head which is a reader. There-
fore, reduction 1n disk flutter has been earnestly demanded.

In addition, the higher density of a magnetic disk results
in a finer magnetic region per bit. Such a finer magnetic
region causes a reading error to be more likely to occur due
to the deviation of the positioning error of the head. Thus, a
reduction 1n disk flutter which 1s the principal factor of the
positioning error of the head has been earnestly demanded.

In addition, the higher density of a magnetic disk results
in a minuter magnetic region per bit. Therefore, even a fine
pit (hole) present on the plated surface of the magnetic disk
causes an error at the time of reading data. Therefore, the
plated surface of the magnetic disk 1s required to have a
small number of pits and high smoothness.

In light of such actual circumstances, aluminum alloy
substrates for magnetic disks with excellent plating proper-
ties and reduced disk flutter have been earnestly desired and
examined 1n recent years. For example, it has been proposed
that an airflow suppression component including a plate
facing a disk 1s implemented in a hard disk drive. Patent
Literature 1 proposes a magnetic disk apparatus in which an
air spoiler 1s placed upstream of an actuator. The air spoiler
weakens air flow toward the actuator on the magnetic disk
to reduce the windage vibration of a magnetic head. In
addition, the air spoiler weakens airtlow on the magnetic
disk, thereby suppressing disk flutter. Further, Patent Litera-
ture 2 proposes a method i which a large amount of Si
contributing to improvement 1n the rigidity of an aluminum
alloy sheet 1s allowed to be contained to improve the rigidity.

In the method disclosed 1n Patent Literature 1, however,
a fluttering suppression eflect 1s varied according to a
variation in the spacing between the placed air spoiler and a
substrate for a magnetic disk, the high precision of compo-
nents 1s required, and therefore, an increase 1n component
cost 15 caused.

The method 1n which a large amount of S1 1s allowed to
be contained, described in Patent Literature 2, 1s eflective for
improving rigidity. In the method, however, 1t has been
impossible to obtain objective, excellent plating properties
under present circumstances.

CITATION LIST
Patent Literature

Patent Literature 1: Unexamined Japanese Patent Appli-

cation Kokai Publication No. 2002-313061
Patent Literature 2: International Publication No. WO
2016-068293

SUMMARY OF INVENTION

Technical Problem

The present disclosure was made under such actual cir-
cumstances with an objective to provide an aluminum alloy
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substrate for a magnetic disk, having an excellent plating
property and an excellent disk fluttering characteristic, a

method for producing the same, and a magnetic disk using,
the aluminum alloy substrate for a magnetic disk.

Solution to Problem

In other words, claim 1 of the present disclosure describes
an aluminum alloy substrate for a magnetic disk, the alu-
minum alloy substrate including an aluminum alloy 1nclud-
ing 0.4 to 3.0 mass % of Fe, less than 0.10 mass % of 51, less
than 0.10 mass % of Mg, and a balance of Al and unavoid-
able impurities, wherein an Al—Fe-based intermetallic com-
pound having a longest diameter of 2 um or more and less
than 3 um 1s dispersed at a distribution density of 1000
particles/mm~ or more, and a Mg—Si-based intermetallic
compound having a longest diameter of 1 um or more 1s
dispersed at a distribution density of 1 particle/mm~ or less.

Claim 2 of the present disclosure describes that the
aluminum alloy further includes one or more selected from
the group consisting of 0.1 to 3.0 mass % of Mn, 0.1 to 3.0
mass % of Ni, 0.005 to 1.000 mass % ot Cu, 0.01 to 1.00
mass % of Cr, and 0.01 to 1.00 mass % of Zr, 1n accordance
with claim 1.

Claim 3 of the present disclosure describes that the
aluminum alloy further includes 0.005 to 1.000 mass % of
/n, 1n accordance with claam 1 or 2.

Claim 4 of the present disclosure describes that the
aluminum alloy further includes one or more selected from
the group consisting of Ti, B, and V 1n a total content of
0.005 to 0.500 mass % or less, 1n accordance with any one
of claims 1 to 3.

Claim 5 of the present disclosure describes that a flatness
1s 30 um or less, 1n accordance with any one of claims 1 to
4.

Claim 6 of the present disclosure describes that a tensile
strength 1s 90 MPa or more, in accordance with any one of
claims 1 to 5.

Claim 7 of the present disclosure describes a magnetic
disk wherein an electroless N1i—P plating treatment layer
and a magnetic layer thereon are disposed on a surface of the
aluminum alloy substrate for a magnetic disk according to
any one of claims 1 to 6.

Claim 8 of the present disclosure describes a method for
producing an aluminum alloy substrate for a magnetic disk
according to any one of claims 1 to 6, the method including:
a casting step of casting an ingot by using the aluminum
alloy; a hot-rolling step of hot-rolling the ingot; a cold-
rolling step of cold-rolling a hot-rolled sheet; a disk blank
stamping step of stamping the cold-rolled sheet to have an
annular shape; a pressurization annealing step ol subjecting
a stamped disk blank to pressurization annealing; and a
cutting and grinding step of subjecting the disk blank
subjected to the pressurization annealing, to cutting work
and grinding work, wherein the ingot 1s hot-rolled at a
rolling reduction of 40% or more 1n a temperature range of
250 to 450° C. 1n the hot-rolling step.

Claim 9 of the present disclosure describes that a homog-
cnization heat treatment step of heat-treating the ingot at 280
to 620° C. for 0.5 to 60 hours between the casting step and
the hot-rolling step 1s further included, 1n accordance with
claim 8.

Claim 10 of the present disclosure describes that an
annealing treatment step of annealing the rolled sheet, the
annealing treatment step being a batch annealing treatment
step performed at 300 to 390° C. for 0.1 to 10 hours or a
continuous annealing treatment step performed at 400 to
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500° C. for 0 to 60 seconds, before or i the cold-rolling
step, 1s further included, 1n accordance with claim 8 or 9.

Advantageous Elflects of Invention

In accordance with the present disclosure, there can be
provided an aluminum alloy substrate for a magnetic disk,
having an excellent plating property and an excellent disk
fluttering characteristic, a method for producing the same,
and a magnetic disk using the aluminum alloy substrate for
a magnetic disk.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a flow diagram 1llustrating a method for pro-
ducing an aluminum alloy substrate for a magnetic disk and
a magnetic disk according to the present disclosure.

DESCRIPTION OF EMBODIMENTS

The present nventors focused on the relationships
between the plating property and fluttering characteristic of
a substrate and the material of the substrate and intensively
researched the relationships between such characteristics
and the characteristics of the substrate (magnetic disk mate-
rial). As a result, the content of Fe, S1, and Mg and the size
distributions of an Al—Fe-based intermetallic compound
and a Mg—Si1-based intermetallic compound were found to
greatly influence the plating property and the fluttering
characteristic. As a result, the present inventors found that
improvement in plating property and fluttering characteristic
1s achieved 1n an aluminum alloy substrate for a magnetic
disk, in which the content of Fe 1s 1n a range of 0.40 to 3.00
mass % (heremafter abbreviated as “%”), the content of S1
content 1s 1n a range of less than 0.10%, the content of Mg
1s 1n a range of less than 0.10%, an Al-—Fe-based interme-
tallic compound having a longest diameter of 2 um or more
and less than 3 um 1s dispersed at a distribution density of
1000 particles/mm~ or more, and a Mg—Si-based interme-
tallic compound having a longest diameter of 1 um or more
is dispersed at a distribution density of 1 particle/mm” or
less. The present 1inventors thus accomplished the present
disclosure on the basis of such findings.

A. Aluminum Alloy Substrate for Magnetic Disk

The aluminum alloy substrate for a magnetic disk accord-
ing to the present disclosure (hereinafter, abbreviated as
“aluminum alloy substrate according to the present disclo-
sure” or simply as “aluminum alloy substrate”) will be
described in detail below.

1. Alloy Composition

The aluminum alloy components of the aluminum alloy
substrate for a magnetic disk using an Al—Fe-based alloy
according to the present disclosure, as well as the contents
of the aluminum alloy components will be described below.

Fe:

Fe 1s an essential element, exists principally as second
phase particles (Al—Fe-based intermetallic compound or
the like), exists to be partly solid-dissolved 1n a matrix, and
exhibits the effect of improving the strength and fluttering
characteristic of the aluminum alloy substrate. Application
of vibrations to such a material results 1n immediate absorp-
tion of vibrational energy due to viscous tlow in the interface
between the second phase particles and the matrix to obtain
a very favorable fluttering characteristic. It 1s impossible to
obtain a suflicient strength and a suflicient fluttering char-
acteristic when the content of Fe 1n an aluminum alloy 1s less
than 0.4%. In contrast, an Fe content of more than 3.0%
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results 1n generation of a large number of coarse Al—Fe-
based intermetallic compound particles. Such coarse Al—
Fe-based intermetallic compound particles fall ofl, thereby
generating large recesses, in etching, zincate treatment,
cutting work, and grinding work, and the deterioration of the
smoothness of a plated surface and the peeling of plating
occur due to generation of plating pits. In addition, work-
ability 1s also deteriorated in a rolling step. Therefore, the
content of Fe 1n the aluminum alloy 1s set 1n a range of 0.4
to 3.0%. The content of Fe 1s preferably 1n a range of 0.6 to
2.0% and more preferably 1n a range of 0.8 to 1.8%.

Si:

S1 exists primarily as second phase particles (S1 particles,
Mg—Si-based intermetallic compound, or the like) and
exhibits the eflect of improving the strength and fluttering
characteristic of the aluminum alloy substrate. However, the
presence of a large amount of the Mg—=Si-based interme-
tallic compound results in generation of fine pits on a plated
surface, thereby deteriorating the smoothness of the plated
surface. This 1s considered to be related to the change of the
quality of a part of the Mg—=Si-based intermetallic com-
pound to S1—O belfore plating treatment, that 1s, to be
because the high corrosion resistance of S1—O precludes
removal ol S1—O by plating pretreatment such as etching.
The Mg—=Si1-based mtermetallic compound existing on the
surface of the aluminum alloy substrate 1s partly melted by
plating pretreatment such as etching treatment, but 1s partly
changed 1n quality to high-corrosion-resistant S1—QO, which
remains. As a result, the reaction of melting of an Al matrix
1s considered to occur concentratedly around Si—O. Fur-
ther, 1n a portion 1n which S1—O has partly remained, the Al
matrix 1s continuously melted during the plating treatment,
and fine recesses mainly including S1—O are formed. The
deposition of plating on the recesses 1s precluded by the
continuous melting of the Al matrix. As a result, the fine pits
are considered to be generated on the plated surface. A Si
content of 0.10% or more 1n the aluminum alloy results 1n
generation of a large amount of Mg—Si1-based intermetallic
compound, thereby generating fine pits on the plated surface
and deteriorating the smoothness of the plated surface.
Therefore, the content of S1 in the aluminum alloy 1s set 1n
a range of less than 0.10%. The content of S1 1s preferably
restricted to 0.08% or less, and more preferably restricted to
0.02% or less. The lower limit value of S1 1s not particularly
limited but 1s set at 0.01% 1n the present disclosure.

Mg:

Mg exists primarily as second phase particles (Mg—Si-
based intermetallic compound or the like) and exhibits the
cllect of improving the strength and fluttering characteristic
of the aluminum alloy substrate. However, the presence of a
large amount of the Mg—Si-based intermetallic compound
results 1n generation of fine pits on a plated surface, thereby
deteriorating the smoothness of the plated surface. A Mg
content of 0.10% or more 1n the aluminum alloy results 1n
generation of a large amount of Mg—=Si1-based intermetallic
compound, thereby generating fine pits on the plated surface
and deteriorating the smoothness of the plated surface.
Therefore, the content of Mg 1n the aluminum alloy 1s set 1n
a range of less than 0.10%. The content of Mg 1s preferably
restricted to 0.08% or less, and more preferably restricted to
0.02% or less. The lower limit value of Mg 1s not particu-
larly limited but 1s set at 0.00% 1n the present disclosure.

One or more selected from the group consisting of 0.1 to

3.0% of Mn, 0.1 to 3.0% of N1, 0.005 to 1.000% of Cu, 0.01
to 1.00% of Cr, and 0.01 to 1.00% of Zr may be further
contained as first selective elements 1n order to further
improve the plating property and fluttering characteristic of
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the aluminum alloy substrate for a magnetic disk. In addi-
tion, 0.005 to 1.000% of Zn may be further contained as a
second selective element. Furthermore, one or more selected
from the group consisting of T1, B, and V 1n a total content
of 0.005 to 0.500% may be further contained as third

selective elements. The selective elements will be described
below.

Mn:

Mn exists principally as second phase particles (Al—Mn-
based intermetallic compound or the like) and exhibits the
cllect of improving the strength and fluttering characteristic
of the aluminum alloy substrate. Application of vibrations to
such a material results 1n 1mmediate absorption of vibra-
tional energy due to viscous flow in the interface between
the second phase particles and the matrix to obtain a very
favorable fluttering characteristic. The effect of improving
the strength and fluttering characteristic of the aluminum
alloy substrate can be further enhanced by allowing the
content of Mn 1n the aluminum alloy to be 0.1% or more. In
addition, generation of a large number of coarse Al—Mn-
based intermetallic compound particles 1s inhibited by
allowing the content of Mn in the aluminum alloy to be 3.0%
or less. Such coarse Al—Mn-based itermetallic compound
particles can be inhibited from falling off, thereby generating
large recesses, 1n etching, zincate treatment, cutting work,
and grinding work, and the deterioration of the smoothness
of the plated surface and the peeling of the plating can be
further mmhibited from occurring. In addition, the deteriora-
tion of the workability in the rolling step can be further
inhibited. Therefore, the content of Mn 1n the aluminum
alloy 1s preferably set in a range of 0.1 to 3.0%, and more
preferably set 1n a range of 0.1 to 1.0%.

Ni:

N1 exists principally as second phase particles (Al—Ni-
based intermetallic compound or the like) and exhibits the
cllect of improving the strength and fluttering characteristic
of the aluminum alloy substrate. Application of vibrations to
such a material results 1n 1mmediate absorption of vibra-
tional energy due to viscous flow 1n the interface between
the second phase particles and the matrix to obtain a very
favorable fluttering characteristic. The effect of improving
the strength and fluttering characteristic of the aluminum
alloy substrate can be further enhanced by allowing the
content of N1 1n the aluminum alloy to be 0.1% or more. In
addition, generation of a large number of coarse Al—Ni-
based intermetallic compound particles 1s inhibited by
allowing the content of Ni 1n the aluminum alloy to be 3.0%
or less. Such coarse Al-—Ni-based intermetallic compound
particles can be inhibited from falling off, thereby generating
large recesses, i etching, zincate treatment, cutting work,
and grinding work, and the deterioration of the smoothness
of the plated surface and the peeling of the plating can be
further mhibited from occurring. In addition, the deteriora-
tion of the workability in the rolling step can be further
inhibited. Therefore, the content of N1 in the aluminum alloy
1s preferably set 1n a range of 0.1 to 3.0%, and more
preferably set 1n a range of 0.1 to 1.0%.

Cu:

Cu exists principally as second phase particles (Al—Cu-
based intermetallic compound or the like) and exhibits the
cllect of improving the strength and fluttering characteristic
of the aluminum alloy substrate. In addition, the amount of
Al melted 1n zincate treatment 1s decreased. Furthermore,
the eflect of uniformly, thinly, and minutely depositing a
zincate coating film to improve smoothness in a subsequent
plating step 1s exhibited. The eflect of improving the
strength and fluttering characteristic of the aluminum alloy
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substrate and the eflect of 1improving smoothness can be
further enhanced by allowing the content of Cu 1in the
aluminum alloy to be 0.005% or more. In addition, genera-
tion of a large number of coarse Al-—Cu-based intermetallic
compound particles 1s mhibited by allowing the content of
Cu 1n the aluminum alloy to be 1.000% or less. Such coarse
Al—Cu-based intermetallic compound particles can be
inhibited from falling off, thereby generating large recesses,
in etching, zincate treatment, cutting work, and grinding
work, to further enhance the eflect of improving the smooth-
ness of the plated surface, and the peeling of the plating can
be further inhibited from occurring. In addition, the dete-
rioration of the workability in the rolling step can be further
inhibited. Therefore, the content of Cu 1n the aluminum alloy
1s preferably set 1n a range of 0.005 to 1.000%, and more
preferably set 1n a range of 0.005 to 0.400%.

Cr:

Cr exists principally as second phase particles (Al—Cr-
based intermetallic compound or the like) and exhibits the
cllect of improving the strength and fluttering characteristic
of the aluminum alloy substrate. The effect of improving the
strength and fluttering characteristic of the aluminum alloy
substrate can be further enhanced by allowing the content of
Cr 1n the aluminum alloy to be 0.01% or more. In addition,
generation of a large number of coarse Al—Cr-based inter-
metallic compound particles 1s inhibited by allowing the
content of Cr 1n the aluminum alloy to be 1.00% or less.
Such coarse Al—Cr-based intermetallic compound particles
can be mlibited from falling off, thereby generating large
recesses, 1n etching, zincate treatment, cutting work, and
grinding work, and the deterioration of the smoothness of
the plated surface and the peeling of the plating can be
turther mhibited from occurring. In addition, the deteriora-
tion ol the workability in the rolling step can be further
inhibited. Theretfore, the content of Cr 1n the aluminum alloy
1s preferably set 1n a range of 0.01 to 1.00%, and more
preferably set 1 a range of 0.10 to 0.50%.

/r:

7Zr exists principally as second phase particles (Al—Zr-
based mtermetallic compound or the like) and exhibits the
ellect of improving the strength and fluttering characteristic
of the aluminum alloy substrate. The eflect of improving the
strength and fluttering characteristic of the aluminum alloy
substrate can be further enhanced by allowing the content of
Zr 1n the aluminum alloy to be 0.01% or more. In addition,
generation of a large number of coarse Al—Zr-based inter-
metallic compound particles 1s 1hibited by allowing the
content of Zr 1n the aluminum alloy to be 1.00% or less.
Such coarse Al—Z7r-based intermetallic compound particles
can be mnhibited from falling off, thereby generating large
recesses, 1n etching, zincate treatment, cutting work, and
egrinding work, and the deterioration of the smoothness of
the plated surface and the peeling of the plating can be
turther mhibited from occurring. In addition, the deteriora-
tion of the workability 1in the rolling step can be further
inhibited. Therefore, the content of Zr in the aluminum alloy
1s preferably set in a range of 0.01 to 1.00%, and more
preferably set 1n a range of 0.10 to 0.50%.

/n:

/n exhibits the effects of decreasing the amount of Al
melted 1 zincate treatment and of umiformly, thinly, and
minutely depositing a zincate coating film to improve
smoothness and adhesiveness 1n the subsequent plating step.
In addition, Zn forms second phase particles together with
other added elements and exhibits the effect of 1improving
the fluttering characteristic. The eflects of decreasing the
amount of Al melted 1n the zincate treatment and of uni-
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formly, thinly, and minutely depositing the zincate coating
film to improve the smoothness of the plating can be further
enhanced by allowing the content of Zn in the aluminum
alloy to be 0.005% or more. By allowing the content of Zn
in the aluminum alloy to be 1.000% or less, the zincate
coating film becomes uniform to enable the smoothness of
the plated surface to be further inhibited from deteriorating,
and the plating can be further inhibited from peeling. There-
fore, the content of Zn 1n the aluminum alloy 1s preferably

set 1n a range ol 0.005 to 1.000%, and more preferably set
in a range ol 0.100 to 0.700%.
T, B,V

r

11, B, and V form second phase particles (such as borides
such as TiB,, and Al,T1 and Ti—V—B particles), which
become crystal grain nuclei, 1 a solidification process in
casting, and therefore enable crystal grains to be finer. As the
result, plating properties are improved. In addition, the effect
of reducing nonuniformity in the sizes of the second phase
particles to reduce unevenness in strength and fluttering
characteristic in the aluminum alloy substrate 1s exhibited by
allowing the crystal grains to be finer. However, 1t 1is
impossible to obtain the above-described eflects when the
total of the contents of T1, B, and V 1s less than 0.005%. In
contrast, even when the total of the contents of T1, B, and V
1s more than 0.500%, the eflects are saturated, and it 1s
impossible to obtain further noticeable improvement effects.
Therefore, the total of the contents of T1, B, and V 1n the case
of adding Ti, B, and V 1s preferably set 1n a range of 0.005
to 0.500%, and more preferably set in a range of 0.005 to
0.100%. When only any one of T1, B, and V 1s contained, the
total refers to the content of the one; when any two thereof
are contained, the total refers to the total of the two; and
when all the three thereof are contained, the total refers to
the total of the three.

Other Elements:

In addition, the balance of the aluminum alloy used in the
present disclosure consists ol Al and unavoidable impurities.
In such a case, examples of the unavoidable impurities
include Ga and Sn, and the characteristics of the aluminum
alloy substrate obtained in the present disclosure are not
deteriorated when each and the total of the unavoidable
impurities are less than 0.10% and less than 0.20%, respec-
tively.

2. Distribution State of Intermetallic Compound

The distribution state of the intermetallic compound 1n the
aluminum alloy substrate for a magnetic disk according to
the present disclosure will now be described.

In the metal structure of the aluminum alloy substrate for
a magnetic disk according to the present disclosure, an
Al—Fe-based itermetallic compound having a longest
diameter of 2 um or more and less than 3 um 1s dispersed at
a distribution density of 1000 particles/mm* or more, and a
Mg—Si1-based intermetallic compound having a longest
diameter of 1 um or more 1s dispersed at a distribution
density of 1 particle/mm” or less.

In such a case, the intermetallic compound described
above means the second phase particles of precipitates or
crystallized products. Specifically, examples of the Al—Fe-
based intermetallic compound include Al Fe, Al Fe, Al (Fe,
Mn), Al—Fe—S1, Al—Fe—Mn—S1, Al—Fe—Ni1, and Al—
Cu—7Fe, and the Mg—Si-based intermetallic compound
refers to, for example, particles of as Mg,S1 and the like. The
aluminum alloy substrate according to the present disclosure
contains an intermetallic compound such as an Al—Mn-
based intermetallic compound (Al Mn or Al—Mn—=S1), an
Al—Ni-based intermetallic compound (Al;N1 or the like),
an Al—Cu-based intermetallic compound (Al,Cu or the
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like), an Al—Cr-based intermetallic compound (Al.Cr or
the like), or an Al—Z7r-based intermetallic compound (Al,Zr
or the like), as well as the Al—Fe-based intermetallic
compound and Mg—Si-based intermetallic compound
described above. The second phase particles also include Si
particles and the like, as well as the intermetallic compounds
described above.

In the metal structure of the aluminum alloy substrate for
a magnetic disk according to the present disclosure, the
Al—Fe-based intermetallic compound having a longest
diameter of 2 um or more and less than 3 um 1s dispersed at
a distribution density of 1000 particles/mm? or more, and the
Mg—Si-based intermetallic compound having a longest
diameter of 1 um or more 1s dispersed at a distribution
density of 1 particle/mm” or less. The definition of the sizes
and distribution states (surface densities) of the predeter-
mined mtermetallic compounds causes the number of fine
pits on the plated surface to be decreased to improve the
smoothness of the plated surface.

It 1s considered that a cathode reaction and an anode
reaction (melting of Al matrix) occur on and around the
intermetallic compounds, respectively, in, for example, etch-
ing 1n plating pretreatment, 1n the Al—Fe-based intermetal-
lic compound. It 1s considered that when the amount of the
Al—Fe-based intermetallic compound having a longest
diameter of 2 um or more and less than 3 um 1s small, the
cathode and anode reactions concentratedly occur, thereby
generating large recesses and generating fine pits on the
plated surface, because the number of sites in which the
cathode and anode reactions occur 1s small. In contrast, 1t 1s
considered that when the amount of the Al—Fe-based
intermetallic compound having a longest diameter of 2 um
or more and less than 3 um 1s large, the cathode and anode
reactions are dispersed, thereby precluding the generation of
the large recesses and decreasing the number of the fine pits
on the plated surface, because the number of sites 1n which
the cathode and anode reactions occur 1s large.

When the Al—Fe-based intermetallic compound having a
longest diameter of 2 um or more and less than 3 um 1s
dispersed at a low distribution density of less than 1000
particles/mm~, fine pits are generated on the plated surface,
thereby deteriorating the smoothness of the plated surtace.
Therefore, the distribution density of the Al—Fe-based
intermetallic compound having a longest diameter of 2 um
or more and less than 3 um is set at 1000 particles/mm~ or
more. In addition, the distribution density of the Al—Fe-
based intermetallic compound having a longest diameter of
2 um or more and less than 3 um 1s preferably 1n a range of
3000 particles/mm? or more, and more preferably in a range
of 5000 particles/mm® or more. The upper limit of the
distribution density 1s not particularly limited. However, an
increase in the distribution density 1s more likely to result 1n
generation of coarse plating pits, and a distribution density
of more than 50000 particless'mm* may result in the dete-
rioration of the smoothness of the plated surface. Therefore,
the upper limit of the distribution density of the Al—Fe-
based intermetallic compound having a longest diameter of
2 um or more and less than 3 um 1s preferably 50000
particles/mm?.

When the longest diameter of the Al—Fe-based interme-
tallic compound existing in the metal structure of the alu-
minum alloy substrate 1s less than 2 um, 1t 1s 1impossible to
obtain the effect of inhibiting the generation of large recesses
because the longest diameter 1s too small 1 view of sites in
which the cathode and anode reactions occur. In contrast,
when the longest diameter 1s 3 um or more, 1t 1s also
impossible to obtain the eflect of inhibiting the generation of
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large recesses because the cathode and anode reactions
excessively actively occur. Accordingly, the distribution
density of the Al—Fe-based intermetallic compound having
a longest diameter of 2 um or more and less than 3 um 1s
defined in the present disclosure. An Al—Fe-based interme-
tallic compound having a longest diameter of 3 um or more
exists; however, an increased longest diameter 1s more likely
to result in generation of coarse plating pits, and a longest
diameter of more than 50 um may result 1n the deterioration
of the smoothness of the plated surface. Therefore, 1t is
preferable that any Al—Fe-based intermetallic compound
having a longest diameter of 50 um or more does not exist.

The Mg—Si-based intermetallic compound primarily
causes generation ol fine pits, thereby deteriorating the
smoothness of the plated surface, as described above. There-
fore, the distribution density of the Mg—Si-based 1interme-
tallic compound having a longest diameter of 1 um or more
is set at 1 particle/mm” or less. In addition, the distribution
density of the Mg—Si-based intermetallic compound having

a longest diameter of 1 um or more 1s preferably 0 particle/

mm-~

A case 1n which the longest diameter of the Mg—Si1-based
intermetallic compound existing 1n the metal structure of the
aluminum alloy substrate 1s less than 1 um has no large
influence on generation of plating pits because the size of the
Mg—Si-based intermetallic compound 1s small. The upper
limit of the longest diameter of the Mg—Si-based interme-
tallic compound 1s not particularly limited. However, an
increase in the large longest diameter 1s more likely to result
in generation ol coarse plating pits, and a longest diameter
of more than 20 um may result in the deterioration of the
smoothness of the plated surface due to the coarse plating
pits. Therefore, the presence of a Mg—=Si-based intermetal-
lic compound having a longest diameter of more than 20 um
1s required to be prevented 1n view of inhibiting the gen-
eration of the coarse plating pits. Accordingly, the upper
limit of the longest diameter 1s preferably set at 20 um 1n the
present disclosure in which the generation of fine pits 1s
inhibited.

In a planar 1image of an intermetallic compound observed
with an optical microscope, first, a maximum value of the
distance between one point on a contour and another point
on the contour 1s measured, such maximum values with
regard to all the points on the contour are then measured, and
the highest value 1s finally selected from all the maximum
values; and the longest diameter refers to the highest value
in the present disclosure.

3. Fluttering Characteristic

Fluttering characteristics will now be described. Such
fluttering characteristics are also influenced by the motor
characteristics of a hard disk drive. In the present disclosure,
the tluttering characteristic 1s preferably 50 nm or less, and
more preferably 30 nm or less, 1 air. A fluttering charac-
teristic of 50 nm or less 1s considered to be acceptable for use
for common HDDs. A fluttering characteristic of more than
50 nm results 1n an 1ncrease 1n the positioning error of a head
which 1s a reader.

In addition, the fluttering characteristic 1s preferably 30
nm or less, and more preferably 20 nm or less, 1n helium. A
fluttering characteristic of 30 nm or less 1s considered to be
acceptable for use for common HDDs. A fluttering charac-
teristic ol more than 30 nm results 1n an increase in the
positioning error of the head which 1s the reader.

A required fluttering characteristic varies according to a
hard disk drive used, and theretfore, the distribution states of
the mtermetallic compounds may be determined as appro-
priate on the basis of the fluttering characteristic. Such
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fluttering characteristics can be obtained by appropriately
adjusting each of the contents of added elements, as well as
cach of a casting method including a cooling rate 1n casting,
and a heat history and a working history in subsequent heat
treatment and working, described below.

In an embodiment of the present disclosure, the thickness
of the aluminum alloy substrate 1s preferably 0.45 mm or
more. When the thickness of the aluminum alloy substrate 1s
less than 0.45 mm, the substrate may be deformed by
accelerating force caused by, for example, drop occurring 1n,
for example, installation of a hard disk drive, except 1n a
case 1n which the deformation can be inhibited by further
increasing prood stress. A case in which the thickness of the
aluminum alloy substrate 1s more than 1.30 mm 1s not
preferred because of resulting in a decrease 1n the number of
disks that can be mounted 1n a hard disk although resulting
in improvement 1n tluttering characteristic. Accordingly, the
thickness of the aluminum alloy substrate 1s more preferably
set at 0.45 to 1.30 mm, and still more preferably set at 0.50
to 1.00 mm.

Fluid force can be decreased by filling helium into a hard
disk. This 1s because the gas viscosity of helium 1s as low as
about & of the gas viscosity of air. Fluttering generated by
gas tlow associated with the rotation of the hard disk 1is
reduced by decreasing the tfluid force of the gas.

4. Flatness

The flatness of the aluminum alloy substrate for a mag-
netic disk according to the present disclosure will now be

described.

The aluminum alloy substrate for a magnetic disk accord-
ing to the present disclosure preferably has a tlatness of 30
wm or less. In such a case, the effect of further improving the
smoothness of the plated surface of the aluminum alloy
substrate 1s exhibited. When the flatness of the aluminum
alloy substrate 1s more than 30 um, an uncut portion 1is
generated 1n surface polishing performed for improving
smoothness after plating treatment. As a result, fine pits may
be generated on the plated surface, thereby deteriorating the
smoothness of the plated surface. Therelfore, the flatness of
the aluminum alloy substrate 1s preferably set at 30 um or

less, and more preferably set at 20 um or less. A lower
flatness 1s preferred. However, 1t 1s diflicult to set the flatness
at 0 um. The lower limit of the flatness 1s not particularly
limited but 1s preferably around 1 um 1n the present disclo-
sure.

5. Tensile Strength

The tensile strength of the aluminum alloy substrate for a
magnetic disk according to the present disclosure will now
be described.

The aluminum alloy substrate for a magnetic disk accord-
ing to the present disclosure preferably has a tensile strength
of 90 MPa or more. In such a case, the eflect of further
reducing scratches formed on a surface of the substrate 1n a
step ol producing a magnetic disk 1s exhibited. When the
tensile strength of the aluminum alloy substrate 1s less than
90 MPa, a surface 1s scratched due to application of external
force 1 conveyance, grinding, or the like. As a result, fine
pits may be generated on the plated surface, thereby dete-
riorating the smoothness of the plated surface. Therefore, the
tensile strength of the aluminum alloy substrate 1s preferably
90 MPa or more, and more preferably 110 MPa or more. The
upper limit of the tensile strength 1s not particularly limited
but 1s logically determined depending on alloy composition
and production conditions, and 1s around 300 MPa 1n the
present disclosure.
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B. Method for Producing Aluminum Alloy Substrate for
Magnetic Disk

Each of steps for producing the aluminum alloy substrate
for a magnetic disk according to the present disclosure, and
the process conditions of the steps will be described 1n detail
below.

A method for producing a magnetic disk by using the
aluminum alloy substrate will be described with reference to
a flow 1n FIG. 1. In such a case, preparation of aluminum
alloy components (step S101) to cold rolling (step S105) are
steps for producing an aluminum alloy sheet, and production
of a disk blank (step S106) to deposition of a magnetic
substance (step S111) are steps for making the produced
aluminum alloy sheet into a magnetic disk.

The steps for producing an aluminum alloy sheet will be
first described. First, a molten metal of an aluminum alloy
material having the component composition described
above 1s prepared by heating and melting according to a
usual method (step S101). Then, an aluminum alloy 1s cast
from the prepared molten metal of the aluminum alloy
material by a semi-continuous casting (DC casting) method,
a continuous casting (CC casting) method, or the like (step

S102). The DC casting method and the CC casting method
are as lollows.

In the DC casting method, the heat of the molten metal
poured through a spout 1s removed by a bottom block, the
wall of a water-cooled mold, and cooling water directly
discharged to the outer periphery of an 1ngot, and the molten
metal 1s solidified and drawn downward as the ingot.

In the CC casting method, the molten metal 1s supplied
into between a pair of rolls (or a belt caster and a block
caster) through a casting nozzle, and a thin sheet 1s directly
cast by removal of heat from the rolls.

A point of great difference between the DC casting
method and the CC casting method 1s a cooling rate in
casting. A feature of the CC casting method 1n which the
cooling rate 1s high 1s in that the sizes of second phase
particles i the CC casting method are smaller than those 1n
the DC casting.

Then, homogenization heat treatment of the cast alumi-
num alloy ingot 1s performed as needed (step S103). In the
case of performing the homogenization heat treatment, the
heat treatment 1s performed at 280 to 620° C. for 0.5 to 60
hours, and preferably at 280 to 620° C. for 1.0 to 50 hours.
In the case of a heating temperature of less than 280° C. or
a heating time of less than 0.5 hours in the homogenization
heat treatment, the homogenization heat treatment may
become 1nsuflicient, thereby increasing unevenness in the
plating property and fluttering characteristic of each alumi-
num alloy substrate. When the heating temperature n the
homogenization heat treatment 1s more than 620° C., melt-
ing may occur. Even when the heating time 1n the homog-
enization heat treatment 1s more than 60 hours, such eflects
are saturated, and it 1s impossible to obtain further noticeable
improvement eflects.

Then, the aluminum alloy subjected to the homogeniza-
tion heat treatment as needed 1s made 1nto a sheet material
in a hot-rolling step (step S104). In the hot-rolling step, hot
rolling 1s performed at a rolling reduction of 40% or more in
a temperature range of 250 to 450° C. The performance of
the hot rolling at a rolling reduction of 40% or more 1n a
temperature range of 250 to 4350° C. causes an originally
existing coarse Al—Fe-based intermetallic compound to be
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ground and made to be finer, thereby finally enabling the
distribution density of the Al-—Fe-based intermetallic com-
pound having a longest diameter of 2 um or more and less
than 3 um to be 1000 particles/mm~ or more to improve the
smoothness of the plated surface.

In the case of a rolling reduction of less than 40% 1n a
temperature range ol 250 to 450° C. or less, the coarse
Al—Fe-based intermetallic compound 1s insuthiciently made
to be finer by the pulverization of the coarse Al—Fe-based
intermetallic compound, whereby the smoothness of the
plated surface 1s deteriorated. In addition, when the hot
rolling 1s performed at a temperature of less than 250° C., 1t
1s dificult to set the rolling reduction at 40% or more
because the deformation resistance of a material 1s
increased. In contrast, when the hot rolling 1s performed at
a temperature ol more than 450° C., the coarse Al—Fe-
based intermetallic compound i1s msuthciently made to be
finer by the pulverization of the coarse Al—Fe-based inter-
metallic compound, whereby the smoothness of the plated
surface 1s deteriorated. As described above, the hot rolling 1s
performed at a rolling reduction of 40% or more 1 a
temperature range of 250 to 450° C. The rolling reduction of
the hot rolling 1n a temperature range of 250 to 450° C. 1s
preferably 50% or more, and more preferably 60% or more.
In addition, the hot-rolling temperature at a rolling reduction
of 40% or more 1s preferably in a temperature range of 250
to 430° C., and more preferably 1n a temperature range of
250 to 400° C. A hot-rolling start temperature of 280 to 600°
C. and a hot-rolling end temperature of 150 to 400° C. are
preferred for performing the hot rolling at a rolling reduction
ol 40% or more 1n a temperature range of 250 to 450° C. The
hot-rolling temperature can be 1n a range of 150 to 600° C.,
a rolling reduction of 40% or more at 250 to 450° C. 1n the
temperature range enables the distribution density of the
Al—Fe-based intermetallic compound having a longest
diameter of 2 um or more and less than 3 um to be 1000
particles/mm? or more, thereby improving the smoothness of
the plated surface.

Then, cold rolling of the hot-rolled sheet material 1s
performed to make an aluminum alloy sheet of around 1.3
mm to 0.45 mm (step S105). The sheet 1s finished to have a
needed product sheet thickness by the cold rolling after the
end of the hot rolling. The conditions of the cold rolling are
not particularly limited but may be determined depending on
a needed product sheet strength and sheet thickness, and a
rolling reduction 1s preferably set at 10 to 95%. Belore or in
the cold rolling, annealing treatment may be performed to
secure cold-rolling workability. The annealing treatment 1s
preferably performed under conditions of 300 to 390° C. and
0.1 to 10 hours in the case of, for example, batch-type
heating and 1s preferably performed under conditions of
retention at 400 to 500° C. for O to 60 seconds 1n the case
of continuous heating. In such a case, a retention time of O
seconds means that heating retention 1s stopped just after
reaching the heating temperature, and cooling 1s performed.

The step of producing, into a magnetic disk, the aluminum
alloy sheet produced in such a manner as described above.
In order to work the aluminum alloy sheet for the magnetic
disk, the aluminum alloy sheet 1s stamped in an annular

shape to produce a disk blank (step S106). Then, the disk
blank 1s subjected to pressurization annealing 1n atmospheric
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air at 100 to 390° C. for 30 minutes or more to produce a
flattened blank (step S107). Then, the blank 1s subjected to
cutting work, grinding work, and, preferably, strain-remov-
ing heat treatment at a temperature of 250 to 400° C. for 5
to 15 minutes in the order mentioned above to produce an
aluminum alloy substrate (step S108). Then, a surface of the
aluminum alloy substrate 1s subjected to degreasing, acid-
ctching treatment, desmut treatment, and zincate treatment

(Zn substitution treatment) (step S109).

In a degreasing treatment stage, the degreasing 1s prefer-
ably performed under conditions of a temperature of 40 to
70° C., a treatment time of 3 to 10 minutes, and a concen-
tration of 200 to 800 mL/L by using commercially available
AD-68F (manufactured by C. Uyemura & Co., Ltd.)
degreasing liquid or the like. In an acid-etching treatment
stage, the acid-etching is preferably performed under con-

ditions of a temperature 50 to 75° C., a treatment time of 0.5
to 5 minutes, and a concentration of 20 to 100 mL/L by using
commercially available AD-107F (manufactured by C. Uye-
mura & Co., Ltd.) etching liquud or the like. After the

acid-etching treatment, the desmut treatment 1s preferably
performed using HNO, as usual desmut treatment under

conditions of a temperature of 15 to 40° C., a treatment time
of 10to 120 seconds, and a concentration of 10 to 60% when

a compound removal step has already been applied. When
the compound removal step has not been applied, the
compound removal treatment described above may be per-
formed instead of or 1in addition to the desmut treatment.

A first zincate treatment stage 1s preferably performed
under conditions of a temperature of 10 to 35° C., a

treatment time of 0.1 to 5 minutes, and a concentration of
100 to 500 mL/L by using commercially available AD-301F-
3X (manufactured by C. Uyemura & Co., Ltd.) zincate
treatment liquid or the like. After the first zincate treatment
stage, Zn peeling treatment 1s preferably performed under

conditions of a temperature of 15 to 40° C., a treatment time
of 10 to 120 seconds, and a concentration of 10 to 60% by
using HNO,;. Then, a second zincate treatment stage 1s

performed under the same conditions as those of the first
zincate treatment.

The surface of the aluminum alloy substrate subjected to
the second zincate treatment 1s subjected to an electroless

N1—P plating treatment step as undercoat plating treatment

(S110). As the electroless N1—P plating treatment, plating
treatment 1s preferably performed under conditions of a
temperature of 80 to 95° C., a treatment time of 30 to 180

minutes, and a N1 concentration of 3 to 10 g/ by using
commercially available NIMUDEN HDX (manufactured by

C. Uyemura & Co., Ltd.) plating liquid or the like. The
aluminum alloy substrate for a magnetic disk subjected to

the undercoat plating treatment 1s obtammed in such an
clectroless N1—P plating treatment step.

C. Magnetic Disk

Finally, the surface of the aluminum alloy substrate for a
magnetic disk subjected to the undercoat plating treatment 1s
smoothed by polishing, and a magnetic medium including
an undercoat layer, a magnetic layer, a protective film, a
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lubricant layer, and the like 1s deposited on the surface by
sputtering to make a magnetic disk (step S111).

After the aluminum alloy sheet has been made (5105), the
aluminum alloy sheet 1s not exposed to a temperature of

16
EXAMPLES

The present disclosure will be described 1n more detail
below with reference to examples. However, the present

more than 400° C., and therefore, the distribution and - disclosure 1s not limited thereto.
components of the compound are not changed. Accordingly, The examples of the aluminum alloy substrate for a
the distribution and components of the compound, and the magnetic disk will be described. Each alloy matenial with
like may be evaluated using the aluminum alloy sheet component composition set forth in Tables 1 to 3 was melted
(S105), the disk blank (step $106), the aluminum alloy to make a molten aluminum alloy according to a usual
substrate (step S110), or the magnetic disk (step S111) 19 method (step S101). In Tables 1 to 3, “-” denotes a mea-
instead of the aluminum alloy substrate (S108). surement limit value or less.
TABLE 1
Component Composition {mass %o)
Al +
Alloy T1 +  unavoidable
No. Fe Mn S1 N1 Cu Mg Cr Zr Zn Ti B V B +V  impurities
Al 04 — 009 — — 0.09 — — — — — — 0.000 Bal.
A2 0.6 0.2 008 — — 008 — — 0.230 — — — 0.000 Bal.
A3 08 — 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
A4 09 — 006 0.2 — 0.06 — — 0.230 — — — 0.000 Bal.
AS 1.0 — 0.04 — 0.020 0.06 — — 0.230 — — — 0.000 Bal.
Ab 1.2 — 001 — — 0.06 — — 0.230 — — — 0.000 Bal.
A7 1.5 — 006 — — 0.06 0.20 — 0.230 — — — 0.000 Bal.
AR 1.8 — 006 — — 0.04 — 0.20 0230 — — — 0.000 Bal.
A9 20 — 006 — — 0.02 — — 0.230  — — — 0.000 Bal.
Al0 29 — 006 — — 0.00 — —  0.230 0,060 0,001 0.020 0,081 Bal.
All 1.5 0.1 006 — — 0.06 — — 0.230  — — — 0.000 Bal.
Al2 1.5 0.3 006 — — 0.06 — — 0.230  — — — 0.000 Bal.
Al3 1.5 0.6 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
Al4 1.5 1.5 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
AlS 1.5 29 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
Alb 1.5 — 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
Al7 1.5 — 006 — — 0,06 — — 0.230 — — — 0.000 Bal.
AlR 1.5 — 0.06 01 — 0.006 — — 0.230 — — — 0.000 Bal.
Al9 1.5 — 006 1.0 —  0.06 — — 0.230 — — — 0.000 Bal.
A20 1.5 — 006 29 — 0.006 — — 0.230 — — — 0.000 Bal.
A2l 1.5 — 0.06 — 0.005 0.06 — — 0.230  — — — 0.000 Bal.
A22 1.5 — 0.06 — 0.020 0.06 — — 0.230  — — — 0.000 Bal.
A23 1.5 — 0.06 — 0.150 0.06 — — 0.230  — — — 0.000 Bal.
A24 1.5 — 0.06 — 0.950 0.06 — — 0.230  — — — 0.000 Bal.
A25 1.5 — 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
A26 1.5 — 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
A27 1.5 — 006 — — 0.06 — — 0.230 — — — 0.000 Bal.
A28 1.5 — 006 — — 0.06 0.01 — 0.230 — 0.000 Bal.
A29 1.5 — 006 — — 0.06 0.15 — 0.230 — 0.000 Bal.
A30 1.5 — 006 — — 0,06 095 — 0.230 — 0.000 Bal.
TABLE 2
Component Composition (mass %o)
Al +
Alloy T1 +  unavoidable
No. Fe Mn S1 N1 Cu Mg Cr Zr Zn Ti B V B +V  impurities
A3l 1.5 — 006 — — 0.02 — 0.01 0230 — — — 0.000 Bal.
A32 1.8 — 006 — — 0.02 — 0.15 0.230 — — — 0.000 Bal.
A33 1.8 — 006 — — 0.02 — 0.95 0230 — — — 0.000 Bal.
A34 1.8 — 006 — — 0,02 — — 0.005 — — — 0.000 Bal.
A35 1.5 — 006 — — 0.02 — — 0350 — — — 0.000 Bal.
A36 1.5 — 006 — — 0,02 — — 0.950 — — — 0.000 Bal.
A37 0.8 0.3 0.06 0.1 0.020 002 0.15 0.15 0350 0.005 0.001 0.001 0.007 Bal.
A38 1.5 0.3 0.06 0.1 0020 002 0.15 0.15 0350 0,070 0.001 0021 0,092 Bal.
A39 2.3 0.3 0.06 0.1 0.020 002 0.15 0.15 0350 0454 0.023 0.012 0489 Bal.
A40 08 — 006 — — 0.02 — — — — — — 0.000 Bal.
A4l 1.2 — 006 — — 0,02 — — — — — — 0.000 Bal.
A4?2 29 — 006 — — 002 — — — — — — 0.000 Bal.
A43 1.5 — 006 — — 0.02 — 0.01 0.230 0.010 — — 0.010 Bal.
Ad4 1.5 — 006 — — 0.02 — 0.01 0.230 0.390 — — 0.390 Bal.
A4S 1.5 — 006 — — 0.02 — 0.01 0230 — —  0.010 0,010 Bal.
Adb 1.5 — 006 — — 0.02 — 0.01 0230 — — 0.351 0.351 Bal.
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TABLE 4-continued

TABLFE 2-continued
Component Composition (mass %o)
Al +
Alloy Tt +  unavoidable
No. Fe Mn S1 N1 Cu Mg Cr Zr /Zn Ti B vV B +V  impurities
Ad7 1.5 — 006 — — 0.02 — 0,01 0.230 0.050 — 0.050 0.100 Bal.
A48 1. — 006 — — 0.02 — 0.01 0.230 0.231 — 0.210 0.441 Bal.
TABLE 3
Component Composition (mass %o)
Al +
Alloy Ti +  unavoidable
No. Fe Mn S1 N1 Cu Mg Cr Zr Zn Ti B V B+V  impurities
ACl 02 — 006 — — 0.02 — — — 0.000 Bal.
AC2 02 — 006 — — 0.02 — — — 0.000 Bal.
AC3 03 — 006 — — 0.02 — — — 0.000 Bal.
AC4 35 — 006 — — 0.02 — — — 0.000 Bal.
ACS 40 — 006 — — 0.02 — — — 0.000 Bal.
AC6 0O 35 006 — — 0.02 — — — 0.000 Bal.
AC7 08 — 020 — — 0.02 — — — 0.000 Bal.
ACR 08 — 006 3.6 — 0.02 — — — 0.000 Bal.
AC9 08 — 006 — 1.520 0.02 — — — 0.000 Bal.
AC10 08 — 006 — — 0.20 — — — 0.000 Bal.
ACll O — 006 — — 0.02 1.40 — — 0.000 Bal.
ACl12 08 — 006 — — 0.02 — 1.38 — 0.000 Bal.
ACl13 08 — 006 — — 0.02 — —  1.520 0.000 Bal.
ACl4 08 — 006 — — 0.02 — —  0.230 0.000 Bal.
AC1> 08 — 006 — — 0.02 — —  0.230 0.000 Bal.
Then, the molten aluminum alloy was cast by a DC
casting method, to produce an 1ingot having a thickness of 35
400 mm, and both surfaces of the ingot were faced 1n 15 mm
(step S102). Then, the faced 1ngot was subjected to homog- Al N
. . @] Q.
enization heat treatment at 550° C. for 10 hours (step S103). 7
Then, the mgot was hot-rolled under conditions of a hot- Example 21 A2l
rolling start temperature of 540° C. and a hot-rolling end 40 EXﬂmp--e ég igg
temperature of 200° C. to make to make a hot-rolled sheet etib
having a sheet thickness of 2.0 tep S104). Roll; prample o4 A
aving a shee ckness of 2.0 mm (step ): olling Example 25 A2S
reductions in a temperature range of 250 to 450° C. 1n the hot Example 26  A26
rolling are set forth 1n Tables 4 to 6. Example 27  A27
45 Example 28 A2R
Example 29 A29
1ABLE 4 Example 30 A30
Condition of Hot Rolling
Rolling Reduction (%) 1 Temperature
Alloy No. Range of 250 to 450° C.
50
Example 1 Al 40
Example 2 A2 45
Example 3 A3 50
Example 4 A4 55 Alloy No.
Example 5 AD oU
Example 6 Ab 63 55 Example 31 A3l
Example 7 AT 70 Example 32 A32
Example & AR 73 Example 33 A33
Example 9 A9 80U Example 34 A34
Example 10 Al0O 70 Example 35 A35
Example 11 All 70 Example 36 A36
Example 12 Al2 70 60 Example 37 A37
Example 13 Al3 70 Example 3% A3R
Example 14 Al4 70 Example 39 A39
Example 15 AlS 70 Example 40 A40
Example 16 Alb 70 Example 41 A4l
Example 17 Al7 70 Example 42 A4?
Example 1% AlR 70 Example 43 A43
Example 19  Al9 70 63 Example 44 A4
Example 20 AZ20 70 Example 45 A4S

Condition of Hot Rolling
Rolling Reduction (%) i Temperature
Range of 250 to 450° C.

70
70
70

70
70
70
70
70
70
70

TABLE 5

Condition of Hot Rolling
Rolling Reduction (%) 1 Temperature

Range of 250 to 450° C.

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
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TABLE 5-continued

Condition of Hot Rolling
Rolling Reduction (%) 1 Temperature

Alloy No. Range of 250 to 450° C.
Example 46 A46 70
Example 47 Ad7 70
Example 48 A4 70

TABLE 6
Condition of Hot Rolling
Rolling Reduction (%) 1mn Temperature

Alloy No. Range of 250 to 450° C.
Comparative ACl1 70
Example 1
Comparative AC2 70
Example 2
Comparative AC3 70
Example 3
Comparative AC4 70
Example 4
Comparative AC5 70
Example 5
Comparative AC6 70
Example 6
Comparative ACT 70
Example 7
Comparative ACS 70
Example &8
Comparative AC9Y 70
Example 9
Comparative ACI10 70
Example 10
Comparative ACl11 70
Example 11
Comparative ACI12 70
Example 12
Comparative ACI13 70
Example 13
Comparative ACl14 30
Example 14
Comparative ACI15 25
Example 15

After the hot rolling, the hot-rolled sheets of the alloy
Nos. Al, A3, A5, and ACI were subjected to annealing
(batch type) treatment under conditions of 360° C. and 2
hours. All the hot-rolled sheets produced in such a manner
as described above were rolled to have a final sheet thickness
of 0.8 mm by cold rolling (rolling reduction of 60.0%), to
make aluminum alloy sheets (step S103). Annular portions
having an outer diameter of 96 mm and an inner diameter of
24 mm were stamped from the aluminum alloy sheets to
produce disk blanks (step S106).

Each disk blank produced 1n such a manner was subjected
to pressurization tlattening treatment at 250° C. for 3 hours
under a pressure of 0.5 MPa (step S107). Then, the disk

blank subjected to the pressurization flattening treatment
was subjected to end-surface preparation to have an outer
diameter of 95 mm and an inner diameter of 25 mm, and was
subjected to grinding working (grinding of surface of 10 um)
to produce an aluminum alloy substrate (step S108). Then,
the aluminum alloy substrate was degreased with AD-68F
(trade name, manufactured by C. Uyemura & Co., Ltd.) at
60° C. for 5 minutes, acid-etched with AD-107F (trade
name, manufactured by C. Uyemura & Co., Ltd.) at 65° C.
for 1 minute, and further desmutted with 30% HNO,; aque-
ous solution (room temperature) for 20 seconds (step S109).

The disk blank of which a surface state had been prepared
in such a manner was immersed 1n a zincate treatment liquid,
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at 20° C., of AD-301F-3X (trade name, manufactured by C.
Uyemura & Co., Ltd.) for 0.5 minute to perform zincate
treatment of the surface (step S109). The zincate treatment
was performed twice i total, and the disk blank was
immersed 1n 30% HNO, aqueous solution at room tempera-
ture for 20 seconds between such zincate treatments to
subject the surface to peeling treatment. The surface sub-
jected to the zincate treatment was electroless plated with
N1—P of 15 um 1n thickness using an electroless N1i—P
plating treatment liquid (NIMUDEN HDX (trade name,
manufactured by C. Uyemura & Co., Ltd.)) and then sub-
jected to final polishing (polishing quantity of 4.5 um) by a
fabric to make an aluminum alloy substrate for a magnetic
disk substrate disk (step S110).

The aluminum alloy sheet subjected to the cold rolling
(step S1035), the disk blank subjected to the pressurization
flattening treatment (step S107), the aluminum alloy sub-
strate subjected to the grinding work (step S108) step, and
the aluminum alloy substrate subjected to the plating treat-
ment polishing (step S110) step were subjected to the
following evaluations. Plating treatment of five disks was
performed 1n each sample. In Comparative Examples 4 to
15, however, plating peeling occurred 1n all the five disks,
and therefore, 1t was impossible to measure disk flutter.
Plating peeling occurred 1in one of the five disks in Example
1, m two of the five disks 1n Examples 40 and 41, and 1n
three of the five disks 1n Example 42, but the evaluations
were performed using the disks 1n which the plating peeling
had not occurred.

[ Tensile Strength]

Tensile strength was measured in conformity with
J11S72241 by performing annealing (pressurization flattening
treatment simulated heating), at 250° C. for 3 hours, of the
aluminum alloy sheet subjected to the cold rolling (step
S105), then sampling JIS No. 5 test pieces along the rolling
direction, and setting n=2. In the evaluation of the strength,
a tensile strength of 130 MPa or more was evaluated as A
(excellent), a tensile strength of 110 MPa or more and less
than 130 MPa was evaluated as B (good), a tensile strength
of 90 MPa or more and less than 110 MPa was evaluated as
C (farr), and a tensile strength of less than 90 MPa was
evaluated as D (poor).

| Distribution Densities of Al—Fe-Based Intermetallic
Compound and Mg—Si-Based Intermetallic Compound]

A cross section of the aluminum alloy substrate subjected
to the grinding work (step S108) was polished, followed by
observing a region of an observation visual field of 1 mm~
with an optical microscope at a magnification of 400 times
to measure the longest diameters and distribution densities
(particles/mm?) of the intermetallic compounds by using
particle analysis software A-ZO-KUN (trade name, manu-
factured by Asahi Kaseir Engineering Corporation). In the
measurement, the cross section 1n a portion of V4 of the sheet
thickness from a surface 1n a thickness direction was used.

| Measurement of Disk Flutter]

Disk flutter was measured using the aluminum alloy
substrate subjected to the plating treatment polishing (step
S110) step. The disk flutter was measured by placing the
aluminum alloy substrate on a commercially available hard
disk drive in the presence of air. ST2000 (trade name)
manufactured by Seagate was used as the drive, and a motor
to which SLD102 (trade name) manufactured by Techno
Alive Co. was directly connected was driven. Plural disks at
a rotation number set at 7200 rpm were always placed, and
the vibrations of a surface of the top magnetic disk of the
disks were observed with LDV 1800 (trade name), as a laser

Doppler meter, manufactured by ONO SOKKI CO., LTD.
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The observed vibrations were subjected to spectrum analysis
with an FFT analysis apparatus DS3200 (trade name) manu-
tactured by ONO SOKKI CO., LTD. The observation was

performed by observing the disk surface through a hole

22

| Smoothness of Aluminum Alloy Substrate for Magnetic
Disk Subjected to Undercoat Treatment]

The number of fine pits on the surface of the aluminum
alloy substrate subjected to the plating treatment polishing

opened in the lid of the hard disk drive. In addition, a > (step S110) step was determined. The number of fine pits
squeeze plate placed in the commercially available hard disk with a size having a longest diameter o1 0.4 um or more and
was removed, and the evaluation was performed. less than 0.9 um in an observation visual field of 1 mm~ was
A fluttering characteristic was evaluated with the maxi- measur'ed with an SEM at d magniﬁf:ation o1 2000 timesf to
mum displacement (disk fluttering (nm)) of a broad peak in |, d‘etermmze the number of pits per unit area (number density:
the vicinity of 300 to 1500 Hz at which fluttering appears. pits/mm”). | | |
Such a broad peak, referred to as non-repeatable run out In a.planar image of fine p1is observed with an SEM, first,
(NRRO), has been found to greatly influence the positioning, a maximum value of the distance bemee:n one point on a
error of a head. In air, a fluttering characteristic of 30 nm or contour and anothel.' point on the contour 15 measured, such
less was evaluated as A (excellent), a fluttering characteristic 15 HdAUIUI values with regard to all the points on the contour
of more than 30 nm and 40 nm or less was evaluated as B are then measured, and the highest value 1s finally selected
(good), a fluttering characteristic of more than 40 nm and 50 from all the maximum Va}lues; and the longft%s‘t diameter of
nm or less was evaluated as C (fair), and a fluttering the ﬁne pits refers to tl}e highest value. In agldfglon,, thf? lcfwer
characteristic of more than 50 nm was evaluated as D (poor). limit of the longest diameter of the fine pits 1s not limited.
>0 However, any fine pits having a longest diameter of less than
[Flatness] 0.4 um were not observed, and were therefore regarded as
The flatnesses of the 50 blanks subjected to the pressur- inapplicable. Not only in a case in which the whole of a pit
1zation flattening treatment were measured with a tlatness existed in the observation visual field of 1 mm~ but also in
measurement instrument. A blank of which the maximum q case 1n which a par‘[ of a pl‘[ was ObS@I’V@dj such a pl‘[ was
value of the flatness was 20 um or less was evaluated as A 25 counted as one. A case in which the number density of fine
(excellent), a blank of which the maximum value of the pits was 0 pit/mm* was evaluated as A (excellent), a case in
flatness was more than 20 um and less than 30 um was which the number density of fine pits was 1 to 7 pits/mm~
evaluated as B (good), and a blank of which the maximum was evaluated as B (good), and a case 1n which the number
value of the flatness was 30 um or more was evaluated as D density of fine pits was 8 pits/mm? or more was evaluated as
(poor). Such a flatness is a value measured with a ZyGO 3" D (poor), on the basis of evaluation criteria.
non-contact tlatness measurement machine. The above evaluation results are set forth 1n Tables 7 to 9.
TABLE 7

Distribution Density

of Al—Fe-Based
Intermetallic Compound
Having Longest Diameter

of 2 um or More

Distribution Density

of Mg—Si-Based
Intermetallic Compound

Having Longest Diameter

Alloy and Less Than 3 um of 1 pm or More
No. (particles/mm?) (particles/mm?)
Example 1 Al 1205 1
Example 2 A2 3201 1
Example 3 A3 5601 0
Example 4 A4 9405 0
Example 5 A5 10003 0
Example 6  Ab 12003 0
Example 7 A7 15405 0
Example 8 AR 18005 0
Example & A9 20005 0
Example 10  Al0 29008 0
Example 11  All 15204 0
Example 12 AlZ2 15604 0
Example 13 Al3 16204 0
Example 14 Al4 18005 0
Example 15  Al>S 20806 0
Example 16 Al6 15304 0
Example 17 Al7 14321 0
Example 18 AlS 15205 0
Example 19 Al9 17017 0
Example 20 A20 20843 0
Example 21 A2l 13204 0
Example 22 A22 15081 0
Example 23 A23 15231 0
Example 24 A24 15112 0
Example 25  A25 15981 0
Example 26 AZ26 14321 0
Example 27 AZ27 16311 0

Smoothness of Plated Surface

Distribution of
Plating Pits
(Fine Pits) Having

Strength Longest Diameter
Tensile Fluttering Flat- of 0.4 um or More
Strength Evalu-  Charac- ness and Less Than 0.9 um  Evalu-
(MPa) ation teristic (um) (pits/mm?) ation

93 C B 1 6 B
115 B A 7 5 B
132 A A 5 0 A
133 A A 4 0 A
135 A A 5 0 A
134 A A 4 0 A
137 A A 5 0 A
183 A A 4 0 A
140 A A 18 0 A
145 A A 28 5 B
139 A A 4 0 A
184 A A 5 0 A
200 A A 4 0 A
230 A A 18 0 A
280 A A 25 3 B
132 A A 3 0 A
133 A A 5 0 A
135 A A 3 0 A
178 A A 3 0 A
204 A A 28 2 B
132 A A 3 0 A
141 A A 5 0 A
152 A A 3 0 A
189 A A 3 0 A
134 A A 5 0 A
132 A A 3 0 A
133 A A 3 0 A




Example 2%
Example 29
Example 30

Example 31
Example 32
Example 33
Example 34
Example 35
Example 36
Example 37
Example 3%
Example 39
Example 40
Example 41
Example 42
Example 43
Example 44
Example 45
Example 46
Example 47
Example 48

Comparative
Example 1
Comparative
Example 2
Comparative
Example 3
Comparative
Example 4
Comparative
Example 5

Alloy

No.

A28
A29
A30

Alloy

No.

A3l
A32
A33
A34
A35
A36
A37
A38
A39
A40
A4l
A4?2
A43
Ad4
A4S
A46
Ad7
A48

Alloy

No.

AC1

AC2

AC3

AC4

ACS

23

Distribution Density
of Al—Fe-Based
Intermetallic Compound
Having Longest Diameter

of 2 ym or More
and Less Than 3 um
(particles/mm?)

15324
15304
16907

Distribution Density
of Al—Fe-Based
Intermetallic Compound
Having Longest Diameter

of 2 ym or More
and Less Than 3 um
(particles/mm?)

14324
18235
18812
17315
15814
16531

9104
16106
24108

8302
12033
29318
14532
14124
15311
15542
14185
15743

Distribution Density
of Al—Fe-Based
Intermetallic Compound
Having Longest Diameter

of 2 ym or More
and Less Than 3 um
(particles/mm?2)

843

712
893
35029

43011
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TABLE 7-continued

Distribution Density

of Mg—=Si-Based
Intermetallic Compound

Having Longest Diameter
of 1 um or More

Strength

Tensile

Strength Evalu-

(particles/mm?) (MPa) ation
0 131 A
0 138 A
0 153 A
15
TABLE 8
Distribution Density
of Mg—=Si-Based
Intermetallic Compound Strength
Having Longest Diameter Tensile

of 1 um or More
(particles/mm?)

o R o O o TN o oo ot ot o o ot o Y o T o JY o J o ol Y ol [ el

Strength Evalu-

(MPa)

145
187
201
132
132
134
198
214
251
132
143
189
147
149
146
148
149
152

TABLE 9

Distribution Density
of Mg—Si-Based

Intermetallic Compound

Having Longest Diameter
of 1 um or More
(particles/mm?)

0

ation

g e B g e e e e e e B B B e e e

Strength

Tensile

Strength LEvalu-

(MPa)

80

82
85
183

195

ation

D

D

Fluttering
Charac-
teristic

A
A
A

Fluttering
Charac-
teristic

PG B S i i g g e e

Fluttering
Charac-
teristic

D

D
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Smoothness of Plated Surface

Distribution of
Plating Pits
(Fine Pits) Having
Longest Diameter

Flat- of 0.4 um or More
ness and Less Than 0.9 um Evalu-
(um) (pits/mm?) ation
3 0 A
3 0 A
3 0 A
smoothness of Plated Surface
Distribution of
Plating Pits
(Fine Pits) Having
Longest Diameter
Flat- of 0.4 um or More
ness and Less Than 0.9 um Evalu-
(um ) (pits/mm?) ation
3 0 A
7 0 A
27 0 A
3 0 A
3 0 A
3 0 A
5 0 A
8 0 A
24 0 A
4 0 A
5 0 A
25 0 A
3 0 A
3 0 A
4 0 A
3 0 A
4 0 A
4 0 A
Smoothness of Plated Surface
Distribution of
Plating Pits
(Fine Pits) Having
Longest Diameter
Flat- of 0.4 pm or More
ness and Less Than 0.9 um Evalu-
(um ) (pits/mm?) ation
3 12 D
5 15 D
4 18 D
21 0 A
24 0 A
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TABLE 9-continued

Distribution Density
of Al—Fe-Based
Intermetallic Compound
Having Longest Diameter

Distribution Density
of Mg—=Si-Based

of 2 ym or More

Alloy and Less Than 3 um of 1 um or More
No. (particles/mm?2) (particles/mm?)

Comparative AC6 15124 0
Example 6

Comparative AC7 8122 3
Example 7

Comparative ACS 15250 0
Example 8

Comparative AC9 8302 0
Example 9

Comparative ACI10 8839 5
Example 10

Comparative ACI11 10806 0
Example 11

Comparative ACI12 9189 0
Example 12

Comparative ACI13 8381 0
Example 13

Comparative AC14 738 0
Example 14

Comparative ACI15 810 0
Example 15

As set forth 1n Tables 7 and 8, Examples 1 to 48 were able
to result in favorable strength and fluttering characteristic.

In contrast, Comparative Examples 1 to 3 resulted 1n poor
strength and poor ftluttering characteristic due to the too
small content of Fe 1n an aluminum alloy. In addition, due
to the small amount of Al-—Fe-based intermetallic com-
pound, a large number of fine pits were generated on a plated
surface, thereby resulting 1in the poor smoothness of the
plated surface.

Comparative Examples 4 and 5 resulted 1n occurrence of
plating peeling 1n such a manner as described above due to
the too large content of Fe in an aluminum alloy, thereby
preventing a fluttering characteristic from being evaluated,
and were 1nappropriate for a magnetic disk.

Comparative Example 6 resulted 1n occurrence of plating
peeling 1n such a manner as described above due to the too
large content of Mn 1n an aluminum alloy, thereby prevent-
ing a fluttering characteristic from being evaluated, and was
iappropriate for a magnetic disk.

Comparative Example 7 resulted 1n occurrence of plating
peeling 1n such a manner as described above due to the too
large content of S1 1n an aluminum alloy, thereby preventing
a tluttering characteristic from being evaluated, and was
mappropriate for a magnetic disk. In addition, the presence
of a large amount of Mg—Si1-based intermetallic compound
caused a large number of fine pits to be generated on a plated
surface, thereby deteriorating the smoothness of the plated
surface.

Comparative Example 8 resulted 1n occurrence of plating,
peeling 1n such a manner as described above due to the too
large content of N1 1n an aluminum alloy, thereby preventing
a tluttering characteristic from being evaluated, and was
iappropriate for a magnetic disk.

Comparative Example 9 resulted 1n occurrence of plating
peeling 1n such a manner as described above due to the too
large content of Cu 1n an aluminum alloy, thereby preventing
a tluttering characteristic from being evaluated, and was
mappropriate for a magnetic disk.

Intermetallic Compound

Having Longest Diameter
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Smoothness of Plated Surface

Distribution of
Plating Pits
(Fine Pits) Having

Strength Longest Diameter
Tensile Fluttering Flat- of 0.4 um or More
Strength Evalu-  Charac- ness and Less Than 0.9 um  Evalu-
(MPa) ation teristic  (um) (pits/mm?) ation
152 A — 35 32 D
123 A — 8 9 D
183 A — 21 0 A
145 A — 9 0 A
123 A — 5 10 D
165 A — 21 0 A
201 A — 42 49 D
134 A — 4 0 A
121 A A 3 11 D
122 A A 5 12 D

Comparative Example 10 resulted 1n occurrence of plat-
ing peeling i such a manner as described above due to the
too large content of Mg in an aluminum alloy, thereby
preventing a fluttering characteristic from being evaluated,
and was 1nappropriate for a magnetic disk. In addition, the
presence ol a large amount of Mg—=Si-based intermetallic
compound caused a large number of fine pits to be generated
on a plated surface, thereby deteriorating the smoothness of
the plated surface.

Comparative Example 11 resulted in occurrence of plat-
ing peeling 1 such a manner as described above due to the
too large content of Cr in an aluminum alloy, thereby
preventing a fluttering characteristic from being evaluated,
and was 1appropriate for a magnetic disk.

Comparative Example 12 resulted 1n occurrence of plat-
ing peeling i such a manner as described above due to the
too large content of Zr in an aluminum alloy, thereby
preventing a fluttering characteristic from being evaluated,
and was 1nappropriate for a magnetic disk.

Comparative Example 13 resulted 1n occurrence of plat-
ing peeling in such a manner as described above due to the
too large content of Zn in an aluminum alloy, thereby
preventing a fluttering characteristic from being evaluated,
and was 1nappropriate for a magnetic disk.

Comparative Examples 14 and 15 resulted in a small
amount ol Al-—Fe-based imtermetallic compound due to a
too low rolling reduction 1n a temperature range of 250 to
450° C. 1n hot rolling, and therefore resulted 1n generation of
a large number of fine pits on a plated surtace, thereby
resulting in the poor smoothness of the plated surface.

The foregoing describes some example embodiments for
explanatory purposes. Although the foregoing discussion
has presented specific embodiments, persons skilled in the
art will recognize that changes may be made in form and
detail without departing from the broader spirit and scope of
the mvention. Accordingly, the specification and drawings
are to be regarded 1n an 1llustrative rather than a restrictive
sense. This detailed description, therefore, 1s not to be taken
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in a limiting sense, and the scope of the invention 1s defined
only by the included claims, along with the full range of
equivalents to which such claims are entitled.

INDUSTRIAL APPLICABILITY

In accordance with the present disclosure, there can be
provided an aluminum alloy substrate for a magnetic disk,
having a favorable plating property and an excellent disk
fluttering characteristic, a method for producing the same,
and a magnetic disk using the aluminum alloy substrate for
a magnetic disk.

The invention claimed 1s:

1. An aluminum alloy substrate for a magnetic disk, the
aluminum alloy substrate comprising an aluminum alloy
comprising 0.4 to 3.0 mass % of Fe, less than 0.10 mass %
of S1, less than 0.10 mass % of Mg, and a balance of Al and
unavoidable 1mpurities,

wherein an Al—Fe-based intermetallic compound having

a longest diameter of 2 um or more and less than 3 um
1s dispersed at a distribution density of 1000 particles/
mm* or more, and a Mg—Si-based intermetallic com-
pound having a longest diameter of 1 um or more 1s
dispersed at a distribution density of 1 particle/mm~ or
less.

2. The aluminum alloy substrate for a magnetic disk
according to claim 1,

wherein the aluminum alloy further comprises one or

more selected from a group consisting of 0.1 to 3.0

mass % of Mn, 0.1 to 3.0 mass % of N1, 0.005 to 1.000
mass % of Cu, 0.01 to 1.00 mass % of Cr, and 0.01 to
1.00 mass % of Zr.

3. The aluminum alloy substrate for a magnetic disk
according to claim 1,

wherein the aluminum alloy further comprises 0.005 to

1.000 mass % of Zn.

4. The aluminum alloy substrate for a magnetic disk
according to claim 1,

wherein the aluminum alloy further comprises one or

more selected from a group consisting of T1, B, and V
in a total content of 0.005 to 0.500 mass % or less.

5. The aluminum alloy substrate for a magnetic disk
according to claim 1,

wherein a tlatness 1s 30 um or less.

6. The aluminum alloy substrate for a magnetic disk
according to claim 1,

wherein a tensile strength 1s 90 MPa or more.

7. A magnetic disk wherein an electroless Ni—P plating
treatment layer and a magnetic layer thereon are disposed on
a surface of the aluminum alloy substrate for a magnetic disk
according to claim 1.
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8. The aluminum alloy substrate for a magnetic disk
according to claim 2,
wherein the aluminum alloy further comprises 0.005 to
1.000 mass % of Zn.
9. The aluminum alloy substrate for a magnetic disk

according to claim 2,
wherein the aluminum alloy further comprises one or
more selected from a group consisting of T1, B, and V
in a total content of 0.005 to 0.500 mass % or less.

10. The aluminum alloy substrate for a magnetic disk
according to claim 3,

wherein the aluminum alloy further comprises one or

more selected from a group consisting of T1, B, and V
in a total content of 0.005 to 0.500 mass % or less.

11. The aluminum alloy substrate for a magnetic disk
according to claim 8,

wherein the aluminum alloy further comprises one or

more selected from a group consisting of T1, B, and V
in a total content of 0.005 to 0.500 mass % or less.

12. A method for producing an aluminum alloy substrate
for a magnetic disk according to claam 1, the method
comprising:

a casting step of casting an ingot by using the aluminum

alloy;

a hot-rolling step of hot-rolling the igot;

a cold-rolling step of cold-rolling a hot-rolled sheet;

a disk blank stamping step of stamping the cold-rolled

sheet to have an annular shape;

a pressurization annealing step of subjecting a stamped

disk blank to pressurization annealing; and

a cutting and grinding step ol subjecting the disk blank

subjected to the pressurization annealing, to cutting
work and grinding work,

wherein the ingot i1s hot-rolled at a rolling reduction of

40% or more 1n a temperature range of 250 to 450° C.
in the hot-rolling step.

13. The method for producing an aluminum alloy sub-
strate for a magnetic disk according to claim 12, the method
further comprising a homogenization heat treatment step of
heat-treating the ingot at 280 to 620° C. for 0.5 to 60 hours
between the casting step and the hot-rolling step.

14. The method for producing an aluminum alloy sub-
strate Tor a magnetic disk according to claim 12, the method
further comprising an annealing treatment step of annealing
the rolled sheet, the annealing treatment step being a batch
annealing treatment step performed at 300 to 390° C. for 0.1
to 10 hours or a continuous annealing treatment step per-
formed at 400 to 500° C. for O to 60 seconds, before or in

the cold-rolling step.
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